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The hemihydrate crystals (BES·0.5H2O) were produced by dissolving microcrystalline BES·0.5H2O in analytical grade solvents and left to evaporate at either room temperature (~25 °C) or in a refrigerator for even slower evaporation (~5 °C). Crystallization took approximately 5 days.
The methanol hemisolvate crystals (BES·0.5MeOH) were produced by dissolving microcrystalline BES·0.5H2O in analytical grade methanol. Crystals were produced when the solution was left to slowly evaporate at RT or at 5 °C with the lid left on the sample vial for approximately 2 weeks. ♦ Single crystals of BES·0.5H2O. IR spectrum identical to starting material. ○ No single crystals produced, IR spectrum identical to starting material and BES·0.5H2O . •Single crystals of BES·MeOH Slow evaporative techniques from dry solvents were used to produce alternative solvate forms. These solvents were obtained as anhydrous and stored over molecular sieves (size 3 Å). The solutions were left to evaporate in small sample vials with the lids left off, in a P2O5 filled desiccator to maintain a dry environment for crystallization. Crystals of BES·PrOH, BES·ACN and BES Form I took approximately 2 -3 weeks to grow. Crystals of BES·EDC took approximately 2 months to grow. 
Evaporation to Dryness from Boiling Solution Crystallization
Anhydrous BES Form I was produced by dissolving 17-β-estradiol hemihydrate (~0.01g) in ethyl acetate (~6 mL) and heating the solution on a hot plate until the solution was evaporated to dryness. This gave BES Form I as a white microcrystalline powder.
Cooling Crystallizations
Cooling crystallization experiments were performed by placing microcrystalline BES·0.5H2O (~0.01g) in an oven at a certain temperature (see Table S 3), holding the samples at that temperature for a period of time and subsequent cooling at varied rates. A summary of all cooling crystallization experiments performed and their outcomes is presented in Table S 3. In the instances when the cooling process was uncontrolled, the oven was turned off and the material was left in the oven until RT was reached. All samples were then stored in a P2O5 desiccator.
Sublimation Crystallizations
Microcrystalline BES Form I was produced from heating the hemihydrate starting material in an oven to 150 C for 4 hours and subsequently cooling to room temperature. Sublimation experiments were performed by sealing a small amount of microcrystalline BES Form I (~100mg) in Pyrex tubing at approximately 5 × 10 -2 mmHg and heating in a tube furnace with a temperature gradient from 150 C to RT. Crystals were produced after 1 week.
1 1 0 2 1 3 8 2 1 1 1 7 2 8 0 9 1 4 1 6 1 321 1 1 5 6 1 6 0 9 1 3 0 2 9 6 2 9 0 4 1 5 8 6 3 4 2 7 1 1 3 5 3 1 9 9 1 3 5 6 9 1 7 2 9 6 0 9 2 9 2 8 6 3 1 4 9 8 1 4 4 9 7 8 5 2 9 3 5 1 2 8 2 Table S 1, and (bottom) left in a P2O5 desiccator for 6 weeks. The peak at 3600 cm -1 for material kept in the desiccator (bottom) may indicate some rearrangement to give some OH groups that are not involved in hydrogen bonding, probably due to a small degree of dehydration. (2) 12.3778 (2) 89.7413 (17) 88.0129 (17) 70.786 (2) 794.14 ( On heating BES(am) to 140 °C for 10 min on a hot stage microscope, crystallization into BES Form I took place, as confirmed by IR spectroscopy and PXRD. DSC analysis of BES(am) (Figure S 9) shows a small endothermic peak at 80 °C that indicates a glass transition. There is an exothermic peak at 115 °C and another exothermic peak just before the final melting endotherm at 178 °C. It is likely that this event at 115 °C is crystallization of an unknown form, which melts and recrystallizes to Form I at 153.5 °C. DSC analysis of BES·0.5MeOH in single crystal form, heated at a rate of 10 °C min -1 ( Figure S 10a) , shows three premelting endotherms. The first occurs at 155 °C as a shoulder on a peak at 157 °C and a third endotherm at 173.5 °C before the melting endotherm at 180 °C (Figure S 10a ). The TGA analysis shows the first two endotherms correspond to 4.9% weight loss and the third corresponds to the complete loss of methanol leading to the overall stoichiometric weight loss of 5.5% (Figure S 10a) . The melting endotherm occurs at a temperature slightly higher than the melting endotherm found by DSC for BES Form I (Figure S 8 ). The small difference in melting temperature could be due to a second anhydrous form of BES but it would require more investigation to confirm this. A small exothermic peak is noticeable overlapping with the end of the peak at 173 °C, which is also apparent in the hemihydrate sample dried with the desiccant in Figure S 7 . This suggests a possible rearrangement to either the same or a different form. The DSC analysis of BES·ACN shows three small pre-melting endotherms (Figure S 10b) . The first and most prominent occurs between 88.5 and 100 C, the second occurs between 125 and 152 C, while the third is extremely small and occurs at 173.5 C, just before the melting endotherm at 178 C (Figure S 10b ). The TGA analysis shows the first endothermic peak corresponds to a 4.5% weight loss and the second to a total 5% weight loss (Figure S 10b) . The TGA isn't sufficiently sensitive to detect any change for the third endothermic peak. The weight loss appears to total 7.5% before melting at 178 C. This is only approximately half the expected stoichiometric weight loss of 13% for complete desolvation, suggesting that complete solvent loss only occurs once BES·ACN melts. These values are not very accurate as the pan was not stable at the start of the experiment (as indicated by the "increase" in mass). This was due to the small sample size available.
Thermal analysis of solvates

B) Computational
Section 1 Conformational analysis Two separate relaxed torsion angle scans were carried out on 17-β-estradiol, at the PBE0/6-31G(d,p) level of theory in GAUSSIAN ( Figure S 11) . Figure S 11a showed that C2-C3-O1-H23 was more stable when approximately coplanar with the phenyl ring, and due to there being no ortho groups it is approximately equi-energetic at either position. In contrast, the C13-C17-O2-H24 angle shows three minima, with the configurations where O2-H24 is out of the plane of the 5-membered ring being more stable. The conformations are illustrated in Figure S 12. In order to ensure the computational modelling method is adequate to reproduce experimental structures, CrystalOptimizer 1 minimizations were carried out on BES·0.5H20, (refcode ESTDOL10) and 17-α-estradiol (refcode ESTTRD) taken from the CSD. 2 The PBE0/6-31G(d,p) method was used to obtain the molecular charge density and to calculate ∆Eintra, and repulsion-dispersion intermolecular energy terms were taken from the FIT empirical potential. 3 The torsions and C-O-H angles allowed to be flexible during the calculations are illustrated in Figure Table S 5. Figure S 14 shows the overlay of experimental and optimized molecular conformations. These results were considered adequate. CrystalPredictor2 uses a database of Local Approximate Models (LAMs) to describe the conformational energy (Eintra) and charge density (distributed multipoles) of the flexible molecule as structures are minimized within the search algorithm. LAMs were generated using the PBE0 method in GAUSSIAN and the 6-31G(d,p) basis set, within the ranges described in Table S 6. Since each LAM is valid up to 50% of the step size in any degree of freedom, this covered all areas where the intramolecular energy of the molecule was less than ~10 kJ mol -1 above the global minimum ( Figure S 11) . 
The CrystalPredictor search
The searches were carried out only in Z'=2, since large chiral molecules have a tendency to crystallize in Z'=2 structures. Only the most common chiral space groups (P1, P21, P21212, P212121, C2, C2221, P41, P43, P41212, P43212, P31, P32, R3, P3121, P3221, P3221, P61, P63, P213 and P2221) were included. Each search generated 1,000,000 crystal structures, and minimized them with appropriate points from the LAM for estimating the conformational energy Eintra and using the point charges and the FIT repulsion-dispersion potential for the intermolecular energy.
CrystalOptimizer refinement
All structures within 15 kJ mol -1 of the lowest energy structure were reminimized with CrystalOptimizer, considering all of the angles marked in Figure S 13 as independent degrees of freedom. The torsion angles were C4-C3-O1-H23, C13-C17-O2-H24, C12-C13-C18-H20, C4-C5-C6-C7, C5-C6-C7-C8, C9-C8-C7-C6, C16-C15-C14-C8, H17-C16-C15-C14, O2-C17-C13-C12, C17-C13-C12-C11, C13-C12-C11-C9 and C12-C11-C9-C8 and the bond angles were C3-O1-H23 and C17-O2-H24. Both the intramolecular energy penalty (ΔEintra) and the charge density for the distributed multipole analysis were calculated in GAUSSIAN at the PBE0 level of theory with the 6-31G(d,p) basis set. The FIT potential (with Coombes' variation for polar hydrogen atoms) was used to model the repulsion-dispersion contribution to the lattice energy. DMACRYS was used to minimize the lattice energy (Ulatt). The total lattice energy (Etot = Ulatt + ΔEintra) was minimized with respect to all independent degrees of freedom.
Crystal Structure Prediction summary
The full Crystal Structure Prediction summary of 17-β-estradiol with structures classified by space group is given in Figure S 15. The crystal energy landscape (the set of low energy structures that are potential observed polymorphs) is given in Figure S 16 , with each structure categorized by hydrogen bonding motif and local packing. 
Energetic comparisons of solvate structures
Each of the fully characterized solvate structures was minimized within the same computational model as described in Section 3.3 above, including appropriate independent degrees of freedom for the solvent molecule (H-C-C-N torsion and H-C-N bond angle for acetonitrile; Cl-C-C-Cl torsion for ethylene dichloride; H-C-O-H torsion angle for methanol; H-O-H bond angle for water). Those solvents that had crystal structures on the CSD were also minimized with the same independent degrees of freedom as selected for the solvate minimization. nm denotes the Chain 1 through-molecule hydrogen bonding type, with n denoting whether 1 or 2 molecules (of the Z'=2 molecules in the structure) are involved in through molecule hydrogen bonding and m denoting whether O1, O2 or both are acting as hydrogen bond donor; al denotes the Chain 2 hydroxyl-only hydrogen bonding type, n denotes that this is not present, c is that it is a chain, d a discrete interaction and r that it is a ring, the number l describes the order of the donor atoms along the hydroxyl only hydrogen bond motif as defined in Figure S 17.
Motif analysis
The lowest energy structures (below -135 kJ mol -1 ) on Figure S 15 were inspected and classified by their packing motifs, using Mercury. There were two common types of interaction, the through-molecule Chain 1 interaction and the hydroxyl-only Chain 2 interaction, pictured in Figure S 17 . The through-molecule Chain 1 interaction can have O1-H23 or O2-H24 as the donor and O1 or O2 as the acceptor in the hydrogen bonds, although the most common is O1-H23···O2. A through-molecule interaction was seen for at least one symmetry independent molecule in all search-generated crystal structures. The structures were classified by whether one or both molecules had the through-molecule hydrogen bonded chain, and whether O1, O2 or both were the donor atom(s).
The hydroxyl-only interaction (Chain 2; Figure S 17 The experimentally observed crystal structures are dominated by Chain 1 interactions with O2 acting as the only hydrogen bond donor. In contrast, the crystal energy landscape has only two such structures on it, with all other structures containing Chain 1 interactions with O 1 as the donor or both oxygen atoms as donors. The exception experimentally is the ACN solvate, where O1 is the donor in the through-molecule hydrogen bonded chains.
All experimental structures have the hydroxyl-only interaction, while 42% of the crystal energy landscape structures do not. In the case of the experimentally observed structures, the solvent molecule frequently participates in this chain (in the case of alcohols) or acts as the terminating group in the discrete interactions (in the case of solvent molecules with no hydrogen bond donor).
For both chain types, it is possible that alternatives with the hydrogen positions reversed appear somewhere on the crystal energy landscape. It may be that very closely matched alternatives would be removed by Clustering, but it may be that they are simply higher in energy and not in the set of low energy structures that have been analyzed.
3.7. Low Energy CSP-generated Structures. 
